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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 

piezoelectric/electrostriction film type actuator capable of obtaining 
large bending displacement by low voltage driving, excellent in 
response, having function as one electrode without exerting 
adverse effect on the bending displacement of the vibration plate 
and hardly damaging the vibration plate even in the repetition of 
bending displacement. 

SOLUTION: The surface roughness of a ceramic vibration plate 1 
having a four-point bending strength of 100 MPa or more and a 
breaking toughness value of 3 MPa1/2 or more and having at least 
one crystal structure having conductivity among rutile, corundum 
and spinel type crystal structures is set to 0.1-1 .0 (am as center line 
average roughness Ra and an intermediate layer 2 containing 40 
wt.% or more of platinum or palladium, a piezoelectric/ 

electrostriction film 3 and an electrode film 4 are successively laminated to the surface of the vibration 
plate integrally to form a drive part 5 to constitute a piezoelectric/electrostriction film type actuator. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ___ . , 

[ClaimniOO or more MPas and a fracture toughness value by 1/2 or more 3MPam(s) [ four-point fiexural 
strength And surface roughness on the diaphragm made from a ceramic which has the rutile type which has 
Sriito a corundum ^pe, and any one sort of spinel type crystal structures is set to 0.1-1.0 micrometers by 
(Ra) in clnTer line average hoarseness The piezo-electricity / electrostriction membrane type actuator characterized 
Having carried out the laminating unification of the interlayer, the piezoelectricity / electrosmction film, and 
electrode layer which contain platinum or palladium 40% of the weight or more one by one, and forming a 
mechanical component on the front face of this diaphragm. . , 

rClaim 21 The piezo-electricity / electrostriction membrane type actuator according to claim 1 characterized by for 
the average crystal particle diameter of the ceramics which form the aforementioned diaphragm made from a 
ceramic being 0.5-5.0 micrometers, and porosity being 10% or less. . 
[Claim 3] The piezo-electricity / electrostriction membrane type actuator according to claim 2 characterized by the 
thickness of the aforementioned diaphragm made from a ceramic being 3-20 micrometers. 
rClaim 41 The piezo-electricity / electrostriction membrane type actuator according to claim 1 characterized by 
containing at least one sort in titanic-acid lead zirconate, magnesium niobic-acid lead, nickel niobic-acid lead 
antimony stannic-acid lead, a lead titanate, and a barium titanate as components other than the platinum which 
forms the aforementioned interlayer, or palladium. 

TClaim 51 While forming with the rutile type characterized by providing the following, a corundum type, and the 
ceramics which have any one sort of spinel type crystal structures Surface roughness on the aforementioned 
diaphragm is set to 0.1-1.0 micrometers by (Ra) in center line average coarseness. The ink jet printer head 
characterized by having carried out the laminating unification of the interlayer who contains platinum (Pt) or 
palladium (Pd) 40% of the weight or more, piezo-electricity / electrostriction film, and the electrode layer one by 
one and forming a mechanical component on each aforementioned passage and the diaphragm which counters, 
respectively, the passage which installs two or more septa and makes between each septum the passage of ink - a 
member It is joined to the top face of a septum and each passage is consisted of the diaphragm made from a wrap 
ceramic, four-point fiexural strength is 100 or more MPas, and a fracture toughness value is this oscillating object 3 
MPas One half It is above and is conductivity. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention carries out the laminating unification of the 
interlayer who had conductivity on the ceramic diaphragm which has conductivity, piezo-electricity / 
electrostriction film, and the electrode layer one by one, and relates to the ink jet printer head using the piezo- 
electricity / electrostriction membrane type actuator, and this which come to form a mechanical component. 
[0002] 

[Description of the Prior Art] In recent years, the position control in submicron order is called for, the piezo- 
electricity / the electrostriction membrane-type actuator using the variation rate based on the inverse piezoelectric 
effect and the electrostrictive effect which happen when electric field add to this position control at piezo- 
electricity / electrostriction material, such as a ferroelectric, or its reverse phenomenon is used, and it is applied in a 
precision processing field or an optical field to an ink jet printer head, a microphone, an oscillating object, an 
oscillation object, various displacement sensors, a pump, a switch, etc. 

[0003] For example, in the ink jet printer head, piezo-electricity / electrostriction membrane type actuators, such as 
a uni-morph type and a bimorph type, are used, and performances, such as a miniaturization, densification, a low- 
battery drive, and high-speed responsibility, are demanded. 

[0004] This actuator is what is called uni-morph type so that the structure of common piezo-electricity / 
electrostriction membrane type actuator to drawing 4 may be shown. On the diaphragm 21 of the thin meat which 
consists of insulating ceramics, such as zirconia ceramics It is what carried out sintering unification and formed the 
mechanical component 25 after carrying out the laminating of the bottom electrode layer 22, the piezo-electricity / 
electrostriction film 23 which consists of electrostrictive ceramics, and the top electrode layer 24 one by one by film 
means forming, such as screen printing, respectively. This piezo-electricity / electrostriction membrane type 
actuator were excellent in respect of a low-battery drive and high-speed responsibility while the big crookedness 
displacement by the transversal effect which is electric-field induction distortion was obtained, since the mechanical 
component 25 was formed in one on the diaphragm 21 (refer to JP,5-270912,A). 

[0005] However, the piezo-electricity / electrostriction membrane type actuator shown in drawing 4 While the 
wiring 26 and 27 for energizing to the bottom electrode layer 22 and the top electrode layer 24, respectively must be 
formed on a diaphragm 21 and wiring 26 and 27 becomes complicated The rigidity of the diaphragm 21 by the 
number of wiring increasing became high, even if it energizes to electrode layers 22 and 24 and made piezo- 
electricity / electrostriction film 23 transform, it had a diaphragm 21 in the predetermined amount of displacement, 
and there was a possibility that an incurvation variation rate could not be carried out. 

[0006] And when this piezo-electricity / electrostriction membrane type bitter taste tutor were used for an ink jet 
printer head, only the number of the passage where it fills up with ink needed to form the mechanical component 25 
on the diaphragm 21, and problems, such as complication of wiring 26 and 27 and property degradation of a 
diaphragm 2 1 , were remarkable. 

[0007] Then, that such a trouble should be canceled, as shown in drawing 5 , this applicant formed the diaphragm 
31 with the ceramics of the lanthanum comics night system which has the perovskite type crystal structure, or a 
lanthanum-chromite system, and proposed the piezo-electricity / electrostriction membrane type actuator which 
carried out the laminating unification of the interlayer 32 who contains platinum or palladium on this diaphragm 3 1 , 
the piezo-electricity / electrostriction film 33, and the electrode layer 34 one by one, and was made into the 
mechanical component 35 (refer to JP,1 1-191645,A). In addition, 36 is wiring for energizing to an electrode layer 
34, and 37 is the electrode extraction section prepared in the diaphragm 31. 

[0008] Since the diaphragm 31 made from a ceramic was used as an electrode, while one wiring was unnecessary 
and could simplify structure, when making the piezo-electricity / electrostriction membrane type actuator shown in 
drawing 5 transform piezo-electricity / electrostriction film 33, it had a diaphragm 3 1 in the predetermined amount 
of displacement, and it had the advantage that an incurvation variation rate could be carried out. 
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[00091 however, the ceramics of the lanthanum comics night system which has the perovskite type crystal structure, 
or a lantha^um-chromite system - four-point flexural strength - about 49-59 MPas - so much - not high - 
mention- "to was a possibility thaUhe diaphragm 31 made from a ceramic might be damaged by the repeat of 
a variation rate 

[Means for Solving the Problem] then - if these artificers are specific ceramics which have a rutile type, a 
corundum type and any one sort of spinel type crystal structures when research is variously repeated as a 
Znn^m madelom a ceramic which has conductivity about the quality of the material replaced wrth the ceramics 
of a lantiianum comics night system or a lanthanum-chromite system, while they have conductivity --bigger 
urcurtSn^piezo-electric/whkh can bear a variation rate It found out that an electrostnction membrane type 

rOOl ^TNlm^piezo-electricity [ of this invention ]/An electrostriction membrane type actuator Four-point 
nexuxli K ^00 or more MPas, and a fracture toughness value is one half 3 MPas^ Above And while setting 
o 0 1-1 0 micrometers surface roughness on the diaphragm made from a ceramic which has the rutile type which 
hJ conduc™ :corundum type'and any one sort of spinel type crystal structures by (Ra) in center me average 
coarseness On the diaphragm which has the aforementioned surface roughness, the laminating unification of the 
n^teSer who contains plftinum or palladium 40% of the weight or more, piezo-electncity / electrostnction film, 
and the electrode layer is carried out one by one, and a mechanical component is formed. 

m012] Moreover, while this invention's making to 0.5-5.0 micrometers the average crystal particle diameter of the 
ceramics which form the aforementioned diaphragm and making — into 10% or less, it is characterized by 
setting thickness of the diaphragm made from a ceramic to 3-20 micrometers further 

[0013] Furthermore, this invention is characterized by including at least one sort in titamc-acid lead zirconate, 
magnlsiuTniobic-acid lead, nickel niobic-acid lead, antimony stannic-acid lead, a lead titanate and a banum 
titanate as components other than the platinum which forms the aforementioned interiayer or Palladium 
[00141 I Moreover, the passage member which this invention installs two or more septa, and makes between each 
sepuuiTe parage of ink, It is joined to the top face of a septum and each passage is consisted of the diaphragm 
Em a wrap ceramic, four-point flexural strength is 100 or more MPas and a fracture toughness vabae is this 
oscillatme object 3 MPams One half Above And while forming with the rutile type which has conductivity, a 
rS^dl^ucs which have any one sort of spinel type crystal structures Surface roughness on the 
aforementioned diaphragm is set to 0.1-1.0 micrometers by (Ra) in center line average coarseness I is 
characterized by having formed the mechanical component which earned out the laminating unification of the 
interiayer who contains platinum (Pt) or palladium (Pd) 40% of the weight or more, piezo-electncity / 
eSostriction film, and the electrode layer one by one on each aforementioned passage and the diaphragm which 
counters, respectively, and constituting an ink jet pnnter head. 

[Embodiments of the Invention] Hereafter, the operation form of this invention is explained 
[0016] Drawing 1 is the perspective diagram showing an example of the piezo-electncity / electrostnction 
membrane type actuator concerning this invention. , A e o 

r00171 This actuator is what is called uni-morph type, to one principal plane of the diaphragm 1 made from a 
ceramic It is what carried out the laminating of the interiayer 2 with the conductivity which contains platinum (Pt) 
or palladium (Pd) 40% of the weight or more, the piezo-electricity / electrostnction film 3 which consists of 
electrostrictive ceramics, and the electrode layer 4 one by one, unified by sintering and formed the mechanical 
component 5. It forms with the rutile type which four-point flexural strength is 100 or more MPas, and fracttire 
toughness values are 1/2 or more 3MPa(s) about the aforementioned diaphragm 1 made from a ceramic, and has 
conductivity, a corundum type, and the ceramics which have any one sort of spinel type crystal structures. In 
addition, 6 is wiring for energizing to an electrode layer 4, and 7 is the electrode extraction section prepared in the 
diaphragm 1 made from a ceramic. . . . 

[0018] Drawing 2 is the perspective diagram showing other examples of the piezo-electncity / electtostnction 
membrane type actuator concerning this invention. This actuator also to the principal plane of. an ^er«de of 
diaphragm 1 made from a ceramic which it is called a bimorph type and shown in dmwmgj. The laminating ot the 
interiayer 2 with the conductivity which contains platinum (Pt) or palladium (Pd) 40% of the weight or more, the 
oiezo-electricity / electrostriction film 3 which consists of electrostrictive ceramics, and the electrode layer 4 is 
carried out one by one, it unifies by sintering, and a mechanical component 5 is formed in both sides of a diaphragm 

[0019] Since the laminating of an interiayer 2, the piezo-electricity / electrostriction film 3, and the electrode layer 4 
is carried out one by one and it has unified by sintering on the diaphragm 1 made from a ceramic though it is a low- 
battery drive while each is joined firmly, and the big crookedness displacement by the transversal effect which is 
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electric-field induction distortion is obtained, the piezo-electricity / electrostriction membrane type actuator shown 
in these drawing 1 and drawing 2 can raise a speed of response, and high integration of a mechanical component 5 
is possible for it. And if the diaphragm 1 made from a ceramic is energized to a diaphragm 1 and an electrode layer 
4 and is made to transform piezo-electricity / electrostriction film 3 while one wiring is unnecessary and can 
simplify the structure of piezo-electricity / electrostriction membrane type actuator, since it has conductivity and the 
function as an electrode can be given, it can have and carry out the crookedness variation rate of the diaphragm 1 in 
the predetermined amount of displacement. 

[0020] Furthermore, for this invention, as mentioned above, four-point flexural strength is 100 or more MPas, and a 
fracture toughness value is the diaphragm 1 made from a ceramic 3 MPas One half It is characterized by forming 
with the rutile type which has the above, a corundum type, and the ceramics which have any one sort of spinel type 
crystal structures. 

[0021] Having set four-point flexural strength of a diaphragm 1 to 100 or more MPas It is because it damages by 
the repeat of a variation rate, if it becomes smaller than 100MPa(s) ~ big crookedness - a variation rate is borne ~ 
not having ~ moreover, crookedness - moreover, the fracture toughness value (Klc) of a diaphragm 1 ~ 3MPam(s) 
1/2 even if the four-point flexural strength of a diaphragm 1 of having considered as the above is 100 or more MPas 
- a fracture toughness value - 3MPam(s) 1/2 it is the following - crookedness - it is because the probability 
destroyed by the repeat of a variation rate is high That is, a fracture toughness value expresses indirectly the 
permissible defective size in the ceramics to a certain intensity, a permissible defective size is so large that a 
fracture toughness value is high, and the probability to destroy becomes small. And even if the repeated stress of 
high frequency was added to the diaphragm 1 and it did not destroy instancy, when a crack, pore, etc. which are 
point ****** in the ceramics which form a diaphragm 1 progress and it results in a certain permissible defective 
size, it will destroy. 

[0022] For the reason, four-point flexural strength is 100 or more MPas, and a fracture toughness value is one halt 3 
MPas. The reinforcement and reliability of a diaphragm 1 can be raised by forming a diaphragm 1 with the rutile 
type which has the above, a corundum type, and the ceramics which have any one sort of spinel type crystal 

structures. . 
[0023] By the way, as ceramics which have the rutile type crystal structure which has such a property, it is Mo<J2. 
As ceramics which can use what is made into a principal component and have the corundum type crystal structure, 
it is Ti 203. What is made into a principal component can be used and what makes Fe 304 a principal component 
as ceramics which have the crystal structure of further a spinel type can be used. 

[0024] After heat-treating above 600 degrees C **(ed) at the time of sintering of the interlayer 2, and the piezo- 
electricity / electrostriction film 3 mentioned later, or an electrode layer 4, each of these ceramics can maintain the 
resistivity of 1 or less ohm-cm, and is suitable as a diaphragm 1, while they has 1 or less ohm-cm of resistivity 
under a room temperature (25 degrees C) required to use as an electrode, as the resistivity is shown in Table 1. 
0025] 
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[0026] Moreover, it sets to these rutiles type, a corundum type, and the ceramics that have any one sort of spinel 
type crystal structures, and they are 100 or more MPas of four-point flexural strength, and fracture toughness value 
3MPa 1/2. In order to acquire the above mechanical property, it is required to control so that it is in the range whose 
crystal particle diameter is 0.5-5.0 micrometers and porosity becomes 10% or less. 

[0027] Because, if a crystal particle diameter exceeds 5 micrometers, even if pore is precise few If the four-point 
flexural strength of 100 or more MPas is not obtained but a crystal particle diameter is less than 0.5 micrometers 
conversely A fracture toughness value is one half 3 MPams. When it is because it becomes the following and the 
reliability as a diaphragm 1 falls and porosity exceeds 10%, they are 100 or more MPas of four-point flexural 
strength, and fracture toughness value 3MPa 1/2. It is because the above mechanical property cannot be acquired. 
What a crystal particle diameter has in 0.5-1 micrometer, and has porosity in 5% or less of range preferably is good. 

[0028] In addition, as a method of controlling these crystal particle diameter and porosity, the particle diameter of a 
start raw material can be adjusted, or it can control by adjusting baking conditions (especially holding time in a 
maximum temperature and a maximum temperature). 

[0029] Furthermore, as for thickness t of a diaphragm 1, it is desirable that it is 3-20 micrometers. Thickness t of a 
diaphragm 1 is 100 or more MPas of four-point flexural strength, and fracture toughness value 3MPam 1/2 at less 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



10/3/2003 



Page 4 of 9 

than 3 micrometers. It elapses, and it is because the probability [ that a diaphragm 1 is thin though it has the above 
mechanical property ] to destroy is high, and is because rigidity becomes high too much, and it is hard coming to 
carry out crookedness displacement and it becomes impossible to fully achieve the function as a diaphragm when 
thickness t of a diaphragm 1 exceeds 20 micrometers. In addition, as thickness [ of the desirable diaphragm 1 ] t, 3- 

r00301On Sthefhatd, the surface roughness on a diaphragm 1 needs to be referred to as 0.1-1.0 micrometers by 
(Ra) in center line average coarseness in carrying out the laminating of an interlayer 2, the piezo-electncity / 
electrostriction film 3, and the electrode layer 4 on the diaphragm 1 made from a ceramic. 
[00311 When (Ra) is smaller than 0.1 micrometers in center line average coarseness, physical junction with an 
nterlayer 2 Namely, if it is because there is a possibility that a bonding strength may fall and exfoliate in order that 
an anchor effect may decrease and (Ra) is conversely larger than 1.0 micrometers in center line average coarseness 
Since the surface roughness of a diaphragm 1 blocks the contraction at the time of sintering of an interlayer 2 and 
the piezo-electricity / electrostriction film 3 and precise-ization of piezo-electricity / electrostriction film 3 is barred, 
in case an interlayer 2, and the piezo-electricity / electrostriction film 3 are sintered with heat treatment on a 
diaphragm 1 and laminating unification is carried out one by one, It is because piezo-electnc many properties, such 
as a desired piezoelectric constant, are not acquired but the oscillation characteristic as an actuator falls greatly. In 
addition, it is good to consider as the range of 0.5-0.9 micrometers by (Ra) in center line average coarseness as 

moSr^ laminating of the interlayer 2 is carried out and heat treatment is made to add and 

sinter on the diaphragm 1 which has the aforementioned surface roughness, it is important for this interlayer 2 that 
platinum (Pt) or palladium (Pd) is included. Namely, although electrostrictive ceramics such as titanic-acid lead 
zirconate, magnesium niobic-acid lead, nickel niobic-acid lead, antimony stannic-acid lead a lead titanate, and a 
barium titanate, is used for the piezo-electricity / electrostriction film 3 formed on an interlayer 2 after this 
Although the piezo-electric many properties of piezo-electricity / electrostriction film 3 are greatly degraded as a 
result of the constituent's tending to diffuse such electrostrictive ceramics at the time of heat treatment and reacting 
wfth the constituent of diaphragm 1 grade Since platinum (Pt) or palladium (Pd) has the effect which suppresses the 
reaction of the constituent of piezo-electricity / electrostriction film 3 and the constituent of a diaphragm 1 at the 
time of heat treatment, it can prevent effectively that the piezo-electric many properties of piezo-electncity / 
electrostriction film 3 deteriorate. . . 

[00331 However, if the content of platinum (Pt) or palladium (Pd) becomes less than 40 % of the weight since the 
reaction depressor effect of a diaphragm 1, and the piezo-electricity / electrostriction film 3 is small, platinum (Pt) 
or palladium (Pd) needs to contain 40% of the weight or more. 

[00341 Moreover, by making at least one sort in the titanic-acid lead zirconate which is the constituent of piezo- 
electricity / electrostriction film 3, magnesium niobic-acid lead, nickel niobic-acid lead, antimony stannic-acid lead, 
a lead titanate, and a barium titanate contain, and making the constituent of such a piezo-electncity / an 
electrostriction film 3 contain in addition to platinum (Pt) or palladium (Pd), a differential thermal expansion with 
piezo-electricity / electrostriction film 3 can be made small, and a bonding strength can be raised to this interlayer l. 

r0035] Next, as a laminating is carried out on the aforementioned interlayer 2 and mentioned above as the ^piezo- 
electricity / an electrostriction film 3 which makes heat treatment add and sinter Titanic-acid lead zirconate (PZ1 
system), magnesium niobic-acid lead (PMN system), The electrostrictive ceramics which makes a principal 
component at least one sort, such as nickel niobic-acid lead, antimony stannic-acid lead, a lead titanate, and a 
barium titanate, can be used. The electrostrictive ceramics which makes a principal component the electrostrictive 
ceramics or nickel niobic-acid lead which makes a principal component preferably magnesium niobic-acid lead, 
lead zirconate, and a lead titanate, magnesium niobic-acid lead, lead zirconate, and a lead titanate is good. 
[00361 Furthermore, a laminating can be carried out on piezo-electricity / electrostriction film 3, and alloys, such as 
refractory metals, such as platinum, gold, palladium, and a rhodium, and silver and silver-platinum, silver- 
palladium, platinum-palladium, can be used as an electrode layer 4 made to sinter with heat treatment. 
[00371 In addition, in order to carry out the incurvation variation rate of the diaphragm 1 made from a ceramic with 
piezo-electricity / electrostriction film 3 as a design, it is good to set preferably 1-5 micrometers of an interlayer s 2 
thickness to 3-4 micrometers. When an interlayer's 2 thickness is thicker than 5 micrometers, conversely, since the 
variation rate of piezo-electricity / electrostriction film 3 is absorbed by the interlayer 2, the incurvation variation 
rate of the diaphragm 1 cannot be carried out as a design, and formation of the interlayer 2 who had uniform 
thickness in less than 1 micrometer is difficult, and when there is a pinhole etc., it is because it reacts with a 
diaphragm 1 at the time of heat treatment of piezo-electricity / electrostriction film 3 and the piezo-electric many 
properties of piezo-electricity / electrostriction film 3 deteriorate 

[0038] As a method of manufacturing the piezo-electricity / electrostriction membrane type actuator shown in 
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drawing 1 and drawi ng 2 The sintered diaphragm 1 made from a ceramic which has the crystal structure of a 
described [ above ] rutile type, a corundum type, a spinel type, etc. is prepared. By the film means forming of 
common knowledge, such as screen printing, a dipping method, or an application, laying the paste and slurry 
containing Pt or Pd to the upper surface or the vertical side of a diaphragm 1, and heat-treating at the temperature of 
500-1400 degrees C to it After carrying out the laminating unification of the interlayer 2 who contains Pt or Pd 40% 
of the weight or more, The titanic-acid lead zirconate which constitutes piezo-electricity / electrostriction film 3 on 
this interlayer's 2 upper surface (PZT system), Magnesium niobic-acid lead (PMN system), nickel niobic-acid lead, 
antimony stannic-acid lead, The paste and slurry containing the electrostrictive ceramics which makes a principal 
component at least one sort, such as a lead titanate and a barium titanate, screen printing and a dipping method, Or 
the film means forming of common knowledge, such as an application, lays, and the laminating unification of 
piezo-electricity / the electrostriction film 3 is carried out by heat-treating at the temperature of 800-1500 degrees C. 
What is necessary is just to carry out the laminating unification of the electrode layer 4 by heat-treating at the 
temperature of 500-1300 degrees C, after the film means forming of common knowledge, such as screen printing, a 
dipping method, or an application, lays the paste and slurry containing alloys, such as refractory metals, such as 
platinum which furthermore constitutes an electrode layer 4 on the upper surface of piezo-electncity / 
electrostriction film 3, gold, palladium, and a rhodium, and silver and silver-platinum, silver-palladium, platinum- 
palladium. . 

[0039] Next, the example which used the piezo-electricity / electrostriction membrane type actuator ot drawing 1 
for the ink jet printer head 1 0 is shown in drawing ^ . 

[0040] the passage which this ink jet printer head 10 installs two or more septa 12, and makes between each septum 
12 the passage 13 of ink - with a member 14 It is joined to the top face of a septum 12, and each passage 13 is 
consisted of the diaphragm 1 made from a wrap ceramic, four-point flexural strength is 100 or more MPas, and a 
fracture toughness value is a diaphragm 1 3 MPas One half Above And while forming with the rutile type which 
has conductivity, a corundum type, and the ceramics which have any one sort of spinel type crystal structures The 
surface roughness on the aforementioned diaphragm 1 by (Ra) in center line average coarseness it is referred to as 
1 0 micrometers and on 0.1 - the diaphragm 1 corresponding to each passage 13 It is the thing m which the 
mechanical component 5 which consists of the interlayer 2 with the conductivity which contains platinum (Pt) or 
palladium (Pd) 40% of the weight or more respectively, the piezo-electricity / electrostriction film 3 which consists 
of electrostrictive ceramics, and an electrode layer 4 was formed. Since a mechanical component 5 can be arranged 
with high density on the diaphragm 1 made from a ceramic, while the densification of passage 13 is realizable 
according to this structure If the structure on a diaphragm 1 can be simplified and the piezo-electricity / 
electrostriction film 3 of each mechanical component 5 are made to transform, since the incurvation variation rate 
of the diaphragm 1 can be had and carried out in the predetermined amount of displacement, The pressure in 
passage 13 is heightened immediately, it can be stabilized from a non-illustrated ink discharge opening, ink can be 
made to be able to breathe out, and it can consider as the ink jet printer head 10 printable high-speed. 

[Example] (Example 1) Mo02 of 99.5% or more of purity After producing a slurry by adding the binder which 
makes an acrylic-ester copolymer water emulsion a principal component to powder, and kneading with a ball mill 
for 20 hours, Mo02 from which a green sheet is manufactured by the tape-forming method, and 1200-1500 degrees 
C is changed in burning temperature, 1 - 5 hours changes baking conditions, respectively in a firing time, it 
calcinates, and four-point flexural strength and fracture toughness differ from ~ the becoming diaphragm made 
from a ceramic was manufactured 

[0042] After giving polish processing to the front face of the diaphragm 1 made from a ceramic and making 0. 5 
micrometers to the surface roughness by (Ra) in center line average coarseness the appropriate back, After laying Pt 
paste with which the titanic-acid lead zirconate (PZT) 45 % of the weight and whose mean particle diameter are 
about 1 micrometer about Pt whose mean particle diameter is about 1 micrometer is contained 20% of the weight, 
and the remainder consists of an organic substance binder on the front face with screen printing, Add heat treatment 
for 2 hours, make it sinter at the temperature of 1200 degrees C, and the laminating unification of the interlayer with 
a thickness of about 3 micrometers is carried out. Next, after laying the PZT paste with which the titanic-acid lead 
zirconate (PZT) whose mean particle diameter is about 1 micrometer is contained 70% of the weight, and the 
remainder consists of an organic substance binder on this interlayer with screen printing, After adding heat 
treatment for 2 hours, making it sinter at the temperature of 1250 degrees C, carrying out the laminating unification 
of the piezo-electricity / the electrostriction film with a thickness of about 14 micrometers and laying Au paste with 
screen printing on this piezo-electricity / electrostriction film further, Heat treatment was made to add and sinter for 
15 minutes at the temperature of 850 degrees C, and piezo-electricity / electrostriction membrane type actuator was 
produced by carrying out the laminating unification of the electrode layer with a thickness of about 0.8 
micrometers. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



10/3/2003 



Page 6 of 9 



[0043] And these piezo-electricity / electrostriction membrane type actuators were made to drive, and the existence 
of breakage of a diaphragm was checked. 

[0044] In addition, the flexural strength and the fracture toughness value of the diaphragm made from a ceramic are 
JIS about the ceramic object prepared by the same method. It is based on R1601 and is JIS about four-point flexural 
strength. Based on R1607, the fracture toughness value was measured, respectively. 

[0045] Moreover, the average crystal particle diameter of the ceramics which form the diaphragm made from a 
ceramic took the enlargement of a front face and a cross section, drew arbitrary lines on the photograph and made 
the value which divided the length of this line by the number of the particles on a line the mean particle diameter. 
The thickness of the diaphragm made from a ceramic was measured with a micrometer. The existence of breakage 
of the diaphragm made from a ceramic checked whether there would be neither a crack nor damage on the surface 
of a diaphragm with the stereoscopic microscope or the scanning electron microscope. 
[0046] Each result is as being shown in Table 2. 
[0047] 
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[0048] sample No. 1-6 [ consequently, ] it sees - as - a four-point bending degree of hardness - 100 or more MPas 
and a fracture toughness value - 3MPam(s) 1/2 Mo02 which has the above from - since the becoming diaphragm 
made from a ceramic had a high mechanical strength, breakage was not looked at by the diaphragm even if it made 
the actuator drive Moreover, sample No. 1-6 It is Mo02 when the property of the diaphragm made from a ceramic is 
seen. The average crystal particle diameter was in the range which is 0.5-5 micrometers, porosity also had it in 10% 
or less of range, and the thickness of the diaphragm made from a ceramic was [ at least 20 micrometers or less are 
satisfactory, and ] usable. . 
[0049] (Example 2) next, Ti 203 which has the corundum type crystal structure for the quality of the material oi the 
diaphragm 1 made from a ceramic of an example 1 from - the becoming ceramics and Fe 304 which has the spinel 
type crystal structure from ~ it experimented by changing into the becoming ceramics In addition, a all and start 
raw material is also Ti 203 of 99.5% or more of purity. Powder and Fe 304 Powder was used. 
[0050] Each result is as being shown in Tables 3 and 4. 
[0051] 
[Table 3] 
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[0052] 
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r00531 It is Ti 203 like an example 1 these results. And as seen in Fe3 04 sample No.21 -26 and sample No.41 -46 
A four-point bending degree of hardness is 100 or more MPas, and a fracture toughness value is . one half 3 ^MPams. 
Ti 203 which has the above And since each diaphragm made from a ceramic which consists of Fe 304 had a high 
mechanical strength, breakage was not looked at by the diaphragm even if it made the actuator driva Moreover, 
when the property of the diaphragm made from a ceramic of sample No.21-26 and sample No.41 -46 is seen, it is Ti 
203 And Fe 304 The average crystal particle diameter was in the range which is 0.5-5 micrometers, porosity also 
had it in 10% or less of range, and the thickness of the diaphragm made from a ceramic was [ at least 20 
micrometers or less are satisfactory, and ] usable. 

r00541 (Example 3) next, Mo02 shown in sample No.6 of Table 2 from - the surface roughness of the becoming 
diaphragm made from a ceramic was changed, piezo-electricity / electrostriction membrane type actuator was 
manufactured, and the experiment investigated about property degradation of the existence of exfoliation of the 
interlayer who forms a mechanical component, and the piezo-electricity / electrostriction film which forms a 
mechanical component was conducted ^ 
r00551 In addition, about the existence of property degradation of piezo-electncity / electrostriction turn, the 
electrostrictive ceramics which makes a principal component the titanic-acid lead zirconate which forms piezo- 
electricity / electrostriction film as an authentic sample was prepared separately, the specific inductive capacity of 
an authentic sample and each sample and composition were investigated, and it judged from the degradation 
condition. However, the impedance analyzer was used for measurement of specific inductive capacity. 
[0056] Each result is as being shown in Table 5. 
[0057] 
[Table 5] 
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mr>581 Conseauentlv exfoliation had occurred in the junction interface with an interlayer sample No.4 whose 
S^^f iSlptaagm made from a ceramic is less than 0.1 micrometers in (Ra) in center me average 
c^enes^eover, sample N?. to which the surface roughness of the diaphragm made from a ceramic exceeds 
1 0 micrometers by (Ra) in center line average coarseness -- as for precise-izing of piezo-electncity / 
ei^sSon film, 5 and 6 are insufficientfand specific inductive capacity deteriorated in them more greatly than 

SSiuS Aether hand, in sample No. 1-3 which have the surface roughness of the diaphragm made from a 
ceramic in the range of 0.1-1.0 micrometers by (Ra) in center line average coarseness, there is no exfoliation in a 
S^StofeSlith an interlayer, and it was joined firmly, and moreover, piezo-electncity / electrostnction film 
fully turned precisely, and had the specific inductive capacity near an authentic sample. 
[0060] Consequently, the surface roughness of the diaphragm made from a ceramic is understood [ 0.1-1.0 
micrometers then 1 are good by (Ra) in center line average coarseness. 

ESnO^le 4 Next, the piezo-electricity / electrostriction membrane type actuator which changed Pt content 
n the interlayer who shows sample No.2 of Table 5 were manufactured, and the experiment investigated about 
property degradation of the piezo-electricity / electrostriction film which forms a mechanical component was 

moSflfaddition, like the example 3, as an authentic sample, the electrostrictive ceramics which makes a principal 
component the titanic-acid lead zirconate which forms piezo-electricity / electrostriction film was prepared 
separately, the specific inductive capacity of an authentic sample and each sample and composition were 
investigated, and it judged from the degradation condition about the existence of property degradation of piezo- 
Sctty electrostriction film. However, EPMA (electron probe analyzer : X-ray wavelength-dispersion type 
microscope) was used for identification of composition of piezo-electricity / electrostnction film, and measurement 
of Pt content in an interlayer was performed to it by electron-spectroscopy analysis. 

0063] Each result is as being shown in Table 6. 

0064] 

Table 6] 
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r00651 Consequently, when Pt content was 40 % of the weight or more, influence was not looked at by composition 
of piezo-electricity / electrostriction film, and it had 2000 or more specific inductive capacity near the specific 
inductive capacity of an authentic sample. 

[0066] Consequently, Pt content in an interlayer is understood [ 40 % of the weight or more, then ] are good. 

[Effect of the Invention] As mentioned above, piezo-electricity [ of this invention ]/According to the electrostriction 
membrane type actuator, four-point flexural strength is 100 or more MPas, and a fracture toughness value is one 
half 3 MPas. Above And while setting to 0.1-1.0 micrometers surface roughness on the diaphragm made from a 
ceramic which has the rutile type which has conductivity, a corundum type, and any one sort of spinel type crystal 
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structures by (Ra) in center line average coarseness The interlayer who contains platinum or palladium 40% of the 
weight or more on the diaphragm which has the aforementioned surface roughness, While the big crookedness 
displacement by the transversal effect which is electric-field induction distortion is obtained though it is a low- 
battery drive since the laminating unification of piezo-electricity / electrostriction film, and the electrode layer was 
carried out one by one and the mechanical component was formed, it excels in responsibility and high integration c 
the mechanical component to a diaphragm top is possible. And without having a bad influence on crookedness 
displacement of a diaphragm, since wiring to one electrode is unnecessary, structure can be simplified. 
[0068] Therefore, if the piezo-electricity / electrostriction membrane type actuator of this invention are used for an 
ink jet printer head, an ink jet printer head printable high-speed can be offered with easy structure. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . . , , , u 

[Drawing 11 It is the perspective diagram showing an example of the piezo-electncity / electrostnction membrane 
type actuator concerning this invention. < 
[Drawing 21 It is the perspective diagram showing other examples of the piezo-electncity / electrostnction 
membrane type actuator concerning this invention. / 
[Drawing 31 It is the outline perspective diagram showing the example which used the piezo-electncity / 
electrostnction membrane type actuator of d rawin g^ for the ink jet printer head. 

[Drawing 41 It is the perspective diagram showing the conventional piezo-electricity / electrostnction membrane 

type actuator. ( m . . t , . 

[Drawing 51 It is the perspective diagram showing the piezo-electricity / electrostnction membrane type actuator 

which this applicant proposed previously. 
[Description of Notations] 

1, 21, 31: Diaphragm made from a ceramic 2 32: Interlayer 

3, 23, 33: Piezo-electricity / electrostriction film 4 34: Electrode layer 

5' 25, 35: Mechanical component 6, 26, 27, 36: Wiring 

7 37: Electrode extraction section 10: Inkjet printer head 

1 1 : passage - member 12: - septum 13: - passage 22: bottom electrode layer 

24: Top electrode layer 



[Translation done.] 
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